In order that an accurate comparison might be made of the properties of normal and malignant tissues in vitro, it was necessary to study tissues of identical origin. For such a purpose, the spontaneous epithelial tumors of the mouse, originating from the mammary gland, are most suitable. However, as a technique for the successful cultivation of normal mammary epithelium has not yet been perfected, such an investigation had to be limited to the characteristics of various types of tumors. ~ According to Apolant, ~ Murray, 3 and others, mouse tumors are histologically of either benign or malignaut nature. The relations between their microscopical structure and their physiological properties as manifested in vitro are still unknown. But in a previous article from this laboratory, ~ certain differences in the behavior in vitro of epitheliums from diverse tumors were mentioned. The purpose of the studies described in the present paper was to ascertain the significance of these differences.
Histological
A number of tumors were studied histologically, and cultivated in vitro by the technique previously reported. 1 The microscopical structure of spontaneous mammary gland tumors of the mouse was thoroughly described in 1906 by Apolant, 2 whose findings and classification have in general been confirmed and adopted by later investigators, Adenocardnomas.--When the adenoma undergoes carcinomatous degeneration, the epithelium proliferates into the lumen of the acini, and fills it. It thus constitutes a solid mass of epithelial tissue (Fig. 2) . This atypical growth starts generally inside a typical adenoma. It produces a nodule which is sharply defined and easily recognizable. In the early stages, mitoses are more abundant in these parts. Such solid epithelial nests often arise simultaneously in many places, expand, and coalesce as the process goes on and, in the end, form a typical carcinoma throughout the whole tumor. It is only rarely, however, that this process is complete. Generally, more or less extended carcinomatous regions are seen beside typical adenomatous structures, the whole constituting an adenocarcinoma. This group forms a connective link between the adenomas and the typical carcinomas.
Spontaneous Carcinomas.--Tumors of this group are typically carcinomatous (Fig. 2) . Adenocarcinomas, as well as carcinomas, show wide variations in their histological appearance. In adenocarcinomas, the amount of atypical proliferation may vary greatly. In carcinomas and in the carcinomatous parts of adenocarcinomas, every gradation was observed, from a regular structure composed of cells of equal size and appearance with only a few mitoses, to a highly malignant tissue with many mitoses and abnormal cells in disorganized formations. A tumor histologically benign in one of its parts may be of a highly malignant nature in another part. In the carcinomatous tumors, degenerative changes are observed to a much higher degree than in the adenomatous, either in some parts or in the whole tumor. The amount of stroma and round cell infiltration also varies widely for every tumor. Thus, the appearance of these tumors is far from being uniform. The groups are not sharply defined, especially as far as adenocarcinomas and carcinomas are concerned.
Transplantable Carcinomas.--Tumor 1 is an adenocarcinoma, about 50 per cent of the tissue being adenomatous and the rest carcinomatous. It shows few mitoses and but little tendency to cell abnormalities. Tumor 2 is a typical carcinoma, with many mitoses, cell abnormalities, and disorganization. But there is no necrosis. The Ehrlich carcinoma is a highly malignant tumor. It shows a marked tendency to necrosis, cell irregularities, and disorganization, and is usually composed of a mass of dead tissue with a thin infiltrating edge.
EXPEP,~IMENTAL
The studies have been confined to fresh cultures of tumors, as no pure strains have been maintained alive for long periods) The tumors were removed from the animal as soon as they were discovered. ? They were comparatively small, with a minimum degree of degeneration. Tissues which were necrotic, hemorrhagic, or contained cystic formations were cultivated only if homogeneous fragments could be obtained. They were cut into small pieces, as nearly as possible of identical size, about 0.5 to 1.0 ram. long, and washed in Tyrode solution. Fragments for histological examination were taken at the same time, always from parts adjacent to the explants.
The usual method of cultivation in Carrel flasks was employed. The following culture media were used. Solid phase: 1.0 cc. of chicken plasma, diluted 1:8 with Tyrode solution, coagulated with 2 drops of chick embryonic juice, and washed twice with 3.0 cc. of Tyrode solution for 1 hour. Fluid phase: 0.5 cc. of rat serum diluted to 50 per cent with Tyrode solution. Every 2rid or 3d day, the fluid was removed, the clot reinforced, if necessary, with 0.5 cc. of chicken plasma 1 : 8 plus 2 drops of chick embryonic juice, and washed 1 hour, as described above, after which fresh fluid medium was added. At least twelve pieces of every tumor were explanted, four in each flask. As no accurate knowledge of the proteolytic activity of the cells can be obtained from the mere observation of the liquefaction of the coagulum, a special test had to be developed. Coagulated egg white was cut into slices 35 microns thick in a freezing microtome. The slices were not transparent. When tumor fragments v/ere placed in a culture medium on the surface of these slices, they attacked the protein. Proteolysis was easily recognized by the appearance of a transparent area around the tissue, while the other parts of the slice remained opaque. This test was applied as a routine technique to ascertain the proteolytic activities of the cells. The following procedure was used. At first, 0.25 cc. of diluted plasma was introduced into the flask. The tiny sheets of egg albumin were placed in the medium and carefully spread out. Then, a fragment of tumor was put on each square. Close to each slice, another fragment served as a control. After the plasma was coagulated, the remaining part of the medium was added. Other cultures without egg albumin were always prepared at the same time.
The acid production was studied by cultivating the tumozs in a coagulum containing phenol red. This indicator has proved reliable in revealing the changes in the pH which occur in such experiments# In the preparation of the cultures, chicken plasma and rat serum diluted with Tyrode solution containing 0.04 per cent of phenol red were used. There was no inhibiting effect of the dye at such a concentration. The coagulum was washed with Tyrode solution also containing phenol red. Prepared in this way, the medium assumed a bluish red color, correAll operative procedures were carried out under full ether anesthesia.
s Carrel, A., and Ebeling, A. H., J. Exp. Med., 1928, 48, 105. sponding to a pH of 7.8 to 8.0, as determined by comparison with a set of standard solutions kept in flasks of the same type. The degree of acid production could be judged by determining and comparing the color of various expianted pieces, and also by studying the color change in the surrounding coagulum. It must be remembered, however, that this method only permits the detection of marked differences in acid production. Based as they are on judgment of variations in color, the findings obtained must be accepted with great caution.
Physiological Characteristics of the Tumors
From the 1,300 spontaneous tumors histologically studied, 77 were cultivated in vitro, 28 being adenomas, 31 adenocarcinomas, and 18 carcinomas. The characteristics of these tumors were compared with those of 2 transplantable carcinomas and of Ehrlich carcinoma.
Architecture of the Cultures.--The first phenomenon was the migration from the tumor fragment of ameboid cells resembling monocytes. These cells usually appeared a few hours after explantafion and rapidly spread into the medium. Later, and almost simultaneously with epithelial migration, typical fibroblasts wandered out. The volume and extent of the migration of fibroblasts and ameboid cells varied with each tumor, and corresponded closely to the amount of leucocyfic infiltration and of stroma observed in histological sections of the original growth. In no case were amebocytes or fibroblasts more active than could be expected from the microscopical findings. It was obvious that the migrating macrophages and fibroblasts originated from the blood cells and the stroma present in the tumors. Adenocarcinomas and carcinomas generally contained more stroma and blood e cells than adenomas. These tumors became surrounded by many ameboid cells and fibroblasts, while adenomatous tissues showed hardly any of these cells. In five cases, adenomas produced epithelial cells exclusively, without any amebocytes or fibroblasts. Each cell type migrated in its own manner. The fibroblasts were less active than the epithelial cells and were always overgrown by them. The ameboid cells degenerated after 3 or 4 days, while the fibroblasts ceased migrating and later on disintegrated.
The first sign of epithelial migration was observed after about 10 to 12 hours. It consisted of a rounding of the edges of the explants. Shortly after, epithelial expansion set in, with membrane-like formations spreading out concentrically from the explants. But obvious differences were observed in each group of tumors. In the pure adenomas, epithelial migration assumed the appearance of large membranes surrounding the explant (Figs. 4, 8) . The cells organized in a thin, even pavement without any tendency to form double layers. The outline of the membrane was sharply defined. Tubulous formations were never observed. Expansion was rapid. The individual cells were healthy and uniform in appearance. They showed no irregularities. They lay close together, without any visible cell borders. No necrotic cells or areas were observed. The cells remained in intimate contact, and never scattered as isolated units. In spite of the rapid growth, very few mitoses were noted. This behavior closely resembled that of the cultures from the normal gland. In fact, no differences between the normal and adenomatous cell types could be detected. This sort of migration went on during the entire period of cultivation.
In the group of adenocarcinomas, 23 tumors acted like adenomas, and 8 like carcinomas.
The group of spontaneous carcinomas was composed of 18 tumors.
During their growth in vitro, 12 of these tumors displayed the following characteristics: Migration was irregular. Processes like buds or broad fingers grew asymmetrically from the edges of the explants, often in double layers. These processes united after some time and formed a membrane. This mode of expansion was so typical that, after 24 hours' cultivation, the nature of the tumor could be diagnosed. Although the cells were organized in regular pavement-like formations, they showed a tendency to differ in size. Giant cells and double nucleated cells were observed. The carcinomatous membranes contained many cells in mitotic division, while in adenomas mitosis was rarely seen. Transplantable Carcinoma 1 migrated as a membrane in a single layer, slightly liquefying the medium. Carcinoma 2 grew in buds and double layers, and displayed a more irregular architecture and more mitoses than Tumor 2. Ehrlich carcinoma grew very much like the other carcinomas (Figs. 5 and 9 ). The abnormalities, however, were more marked. The epithelial growth was always irregular and formed membranes consisting of several layers of cells and of bud-like processes. The membranes expanded and presented an uneven, ragged outer edge. They appeared thicker than those of cultures from spontaneous and transplantable tumors, and were composed of densely crowded and irregularly organized cells. The number of mitoses was much greater and the tendency to cell abnormalities and to necrosis was far more marked than in cultures of spontaneous carcinomas.
Duration and Rate oJ Growth.--When the nutritive medium was composed of Tyrode solution containing 50 per cent rat serum, the onset of epithelial growth varied according to the different types of tumors. Epithelial activity in all spontaneous tumors decreased after 7 or 8 days' cultivation, and ceased almost entirely after about 9 TEx~-Fm. 1. Areas of epithelial migration (I) from 16 adenomas, and (II) from 6 Ehrlich carcinomas, cultivated in 50 per cent rat serum. days, even if the cultures were provided with fresh fluid medium. Cell migration occurred at the expense of the original fragment, which became gradually thinner as the membrane expanded. This was found to be the case particularly for the adenomas and most of the adenocarcinomas. The carcinomas showed this phenomenon to a lesser extent. They appeared to be a transition type between adenocarcinomas and Ehrlich carcinoma, where fragments constantly increased in size. In the case of spontaneous tumors, the explants did not produce new tissue. They merely spread. When adenomas were cultivated, epithelial migration started after some 10 or 12 hours, and the rate of growth was very rapid. The rate was measured in the usual way, and is shown in Text- fig. 1 . In spontaneous and Ehrlich car-cinomas, epithelial migration invariably began after 20 to 22 hours, that is, much later than in the ease of the adenomas, and the rate was slower, as is shown in Text- fig. 1 .
Liquefaction oJ Fibrin and Digestion of Egg Albumin.--Earlier ex-
periments 1 showed that a coagulum from mouse, rat, or chicken plasma was readily attacked by epithelial cells migrating from spontaneous tumors. The mode of liquefaction of the medium varied according to differences in the epithelial types. Mouse and rat fibrins were found to be more easily digested than chicken fibrin. In the experiments in which the coagulum was composed of washed chicken plasma, digestion sometimes occurred. At its beginning, it could be detected by a depression in the surface of the clot just above the explants. This depression progressively grew larger and deeper. However, such a manifestation of the proteolyfic activity of the tissue did not allow a precise comparison of the various types of epithelial cells. When the digestion of thin slices of egg albumin was used as a test, more accurate results were obtained. Liquefaction of the fibrin and digestion of egg albumin were studied for each type of tumor (Fig. 3) .
In adenomas, both proteolyfic manifestations were observed to be parallel (Figs. 3 and 10 ), and were very marked. Fragments from 18 adenomas were cultivated on egg albumin slices, according to the method described above. After 10 to 15 hours, digestion was observed in the form of a transparent area surrounding the explants, while the other parts of the albumin sheet remained opaque. Proteolysis corresponded to epithelial migration. When the growth was rapid, the proteolysis was always marked. When the migration was slow or non-existent, as happens in embryonic extract or Tyrode solution, little or no proteolysis occurred. But if after 48 hours, the medium was replaced by rat serum, which caused rapid epithelial extension, digestion took place. When tumor fragments were explanted near an albumin sheet, the wandering epithelial membrane reached its border after 1 or 2 days, and produced a transparent zone in the form of a half-moon, which increased in size as the membrane spread.
Several adenocarcinomas were found to differ markedly in their proteolytic activities. The egg albumin test was used in 20 cases. Proteolysis first appeared after from 10 to 15 hours up to 4 days, and was equal to or less marked than that produced by the adenomas.
From the point of view of their proteolytic activity, adenocarcinomas closely resembled adenomas.
Similar experiments were performed on 11 carcinomas. In 4 cases, there was no observable digestion. In 4 other cases, digestion appeared after 5 to 6 days, remaining very slight. The liquefaction of the medium was correspondingly slight and did not take place at all in a few tumors. In the last 3 tumors, proteolysis occurred earlier and was more marked, although still slight.
Twelve tumors of the Ehrlich carcinoma strain were cultivated on albumin sheets (Figs. 3 and 11) . Very slight liquefaction of the coagulum took place with hardly any digestion of egg albumin, although the epithelium grew extensively.
Acid Production.--The production of acid was studied by cultivating the explants in media containing phenol red. As in the case of proteolysis, the amount of acid was closely related to the activity of the epithelial cells. After 15 to 30 minutes, the fragments of adenomas assumed a bright yellow color, corresponding to a pH of about 6.0 to 6.4. Simultaneously with epithelial migration, the yellow color spread in the medium surrounding the explants. This yellow area was much larger than that of the tissue, and contrasted markedly with the bluish red color of the medium. When embryonic chick juice or pure Tyrode solution was used as fluid medium, the fragments showed a red color, corresponding approximately to a pH of about 7.4 to 7.8. But if the fluid medium was removed and replaced by rat serum, the explants readily changed to a bright yellow. Acid production by adenomas was always high. In adenocarcinomas, it was more variable, but always corresponded to the rate of epithelial expansion. The carcinomas, including Ehrlich carcinoma, also presented a yellow color. They were never more acid than adenomas, and generally much less. The size of the yellow area was always smaller than in the case of adenomas.
Invasion of Normal Tissues.--It has been shown in this laboratory 1 that spontaneous mammary gland tumors, unlike Ehrlich epithelium, do not infiltrate and overgrow normal tissues in vitro. However, slight differences were observed in the behavior of epithelium of different types. In order to ascertain whether these differences were related to the histological structure, embryonic mouse tissues were added to explants from various tumors. The results were similar to those described in a previous article. 1 Spontaneous tumors either failed to invade the added tissues, or invaded them very slowly, whereas epithelium from Ehrlich carcinoma readily overgrew normal tissues.
Adenomatous epithelium from 4 tumors maintained its regular outline, either pushing away the embryonic fibroblasts, or becoming embedded amidst them. In such a case, the fibroblasts formed a structure like a capsule around the epithelial colony (Fig. 6) . No bud-like formations were observed. Three adenocarclnomas gave similar results, except that one of the explanted pieces produced very thin, elongated tubules. Only 1 carcinoma was studied. In every explant, the epithelium advanced in bud-like formations or tubules into the embryonic tissue and, in one case, grew into it for more than a month. Ehrlich epithelium rapidly invaded the embryonic explant in thicker, bud-like structures (Fig. 7) , and infiltrated it entirely in about a month.
DISCUSSION
A comparative study has been undertaken of the physiological characteristics in vitro of 77 spontaneous epithelial mammary gland tumors of the mouse, 2 transplantable mammary gland tumors, and a strain of Ehrlich's carcinoma. The properties of the epithelial cells have been found to depend on the histological type of the tumors (Table I ). Obvious differences were observed in the architecture of the colonies, according to the adenomatous or carcinomatous nature of the explants. The adenomas expanded evenly in a single layer, without any cell irregularities or necrotic parts. There were very few mitoses. The carcinomas grew in a more irregular manner, with a tendency to form double layers, buds, and tubules. They showed some cell irregularities and mitoses. Ehrlich cardnomas contained a great many mitoses and abnormal cells, growing unevenly and in disorganized formations. The rate of epithelial expansion in rat serum was found to be invariably more rapid in the cultures of adenomas than in those of carcinomas, especially of Ehrlich carcinoma. The presence of fibroblasts and of ameboid cells did not modify the rate of growth (Text- fig. 1 ). It was evident that epithelial migration was less rapid in malignant than in benign tumors. This confirmed the findings of Fischer and Laser/in the case of epitheliums from Ehrlich carcinoma and from normal chickens. The various types of tumors differed markedly as regards both liquefaction of the coagulum and digestion of egg albumin. While adenomas actively attacked egg albumin and fibrin, the digestion produced by carcinomas appeared later and was less marked. In the case of Ehrlich carcinoma, it was lacking almost entirely. Proteolysis was related to the migrating activity of the epitheliums. The adenomatous membranes, while actively digesting egg albumin, were composed of healthy cells. No degeneration occurred, either in individual cells or in any area. On the other hand, Ehrlich carcinomas always contained disintegrating or necrotic regions. The supposition that liquefaction of the fibrin, produced by many varieties of tissues, is due to ferments set free by degenerating cells does not hold true in the case of these tumors, l°-1~ It is a remarkable fact that histologically benign tumors digest egg albumin and fibrin more actively than more malignant tumors do. Spontaneous tumors# unlike Ehrlich carcinomas, do not invade normal tissues in vitro. However, a carcinoma, transplanted a few times in vivo, showed a detectable though very slight tendency to infiltrate fragments of embryonic tissues. There was always a sharp difference between the reaction of benign and malignant tumors to normal tissues in vitro. The production of acid was invariably more marked for adenomatous than for carcinomatous tissues. Although the method of estimating acid production is very crude, the results were so constant and striking that they cannot be attributed to technical errors. It is certain, at least, that carcinomatous cells do not set free more acid in vitro than adenomatous ones. The behavior of the tumors after transplantation does not always correspond to the degree of malignancy indicated by their histological structure. According to Murray, 3 I-Iaaland, 5 and Bashford, 13 highly differentiated mouse 9 Fischer, A., and Laser, H., Z. Krebsforsch., 1927 , 26, 80. 10 Fischer, A., Gewebeztichtung, Munich, Rudolph Miiller and Steinicke, 3rd edition, 1930 . 11 Policard, A., Bull. histol., 1925 , 2, 101. Zakrzewski, Z., Z. Krebsforsch., 1929 , 30, 106. 13 Bashford, E. F., 4th Scient. Re#. Inv. Imp. Cancer Research Fund, London, 1911 tumors were often found to be easily transplantable and might be considered as clinically malignant. However, it cannot be doubted that histological characteristics are related to certain physiological properties. Malignant degeneration manifests itself by simultaneous morphological and functional changes. These changes are quantitative rather than qualitative. They occur gradually. There is no sharp border line between benign and malignant degeneration. The differences in the behavior in vitro of explants from various tumors could conceivably be used as a means of diagnosis. By studying the mode and rapidity of cell migration, the digestion of egg albumin, and acid production of fragments of tumors, it has been possible to determine the histological nature of the tissue. It remains to be ascertained whether similar differences between various types of tumors are of general significance. If such is the case, tissue culture might possibly be used not only for making differential diagnosis, as suggested by Kapel, 14 but also for determining the degree of malignancy of a given tumor. 2. Twenty-eight adenolims, 31 adenocarcinomas, 18 carcinomas, and a series of tumors from 2 transplantable carcinomas and from Ehrlich carcinoma have been cultivated in vitro.
3. The adenomas were characterized by cells of normal appearance, migrating quickly and organizing in thin membranes, by few mitoses, a large acid production, and a rapid digestion of fibrin and egg albumin.
4. The carcinomas differed from adenomas in a less rapid and extensive migration of epithelial cells, a tendency to grow in bud-like formations, the presence of many mitoses, and a lesser acid production and fibrin and albumin digestion.
5. Ehrlich carcinoma differed from both adenomas and spontaneous carcinomas in the unhealthy state of the cells, their irregular growth, and the occurrence of a great many mitoses. Acid production was slight, and digestion of egg albumin or fibrin less marked, and even entirely lacking. 
